In this study, microbial quality and antimicrobial resistance of faecal bacteria from a Portuguese river were assessed. River water samples collected upstream and downstream of a wastewater treatment plant, throughout a 3-month period, were used for the enumeration of Escherichia coli and Enterococcus spp. The highest numbers found for E. coli and enterococci were 1.1 × 10 4 and 1.2 × 10 4 colony forming units (CFU)/100 ml, respectively. In total, 144 isolates of E. coli and 144 of enterococci were recovered and tested for antimicrobial susceptibility; 104 E. coli and 78 Enterococcus spp. showed resistance to one or more antimicrobial drugs. Overall, 70 and 32 different resistance patterns were found for E. coli and enterococci, respectively. One E. coli showed resistance to imipenem and 29 isolates were extended spectrum β-lactamase-producers. Multidrug-resistant E. coli belonged mostly to groups A, B1 and group D. Enterococcus spp. were mostly resistant to rifampicin, tetracycline, azithromycin and erythromycin; six isolates showed resistance to vancomycin, presenting the VanA phenotype. The high levels of E. coli and enterococci and the remarkable variety of antimicrobial resistance profiles, reinforces the theory that these river waters can be a pool of antimicrobial resistance determinants, which can be easily spread among different bacteria and reach other environments and hosts.
INTRODUCTION
Microbial water quality is assessed by quantifying the presence of Escherichia coli and enterococci, which are normally present in the intestinal tracts of warm-blooded animals and are released to the environment through their faeces. For that reason these microorganisms are considered suitable indicators of faecal contamination and can also signal the presence of intestinal pathogens such as Salmonella spp., Shigella spp., pathogenic E. coli, enteroviruses and Giardia (McLellan ; Carlos et al. ).
E. coli strains have been classified into three types: commensal, intestinal pathogenic or extra-intestinal pathogenic (Russo & Johnson ) and also into four different phylogenetic groups (A, B1, B2, and D) (Clermont et al. ) .
Strains of each group share phenotypic and genotypic features. Commensal E. coli strains usually belong to groups A and B1 whereas the pathogenic extra-intestinal strains belong mainly to phylogenetic group B2 and, to a minor extent, to group D (Duriez et al. ; Pereira et al. ) .
with nosocomial infections and play an important role in the dissemination of antibiotic resistance, particularly because they exhibit resistance to a wide variety of antimicrobial drugs and have the capacity to exchange genetic information by conjugation ( Jackson et al. ) .
The presence of enteric bacteria in aquatic environments is a current issue in terms of public health, especially due to the fact that such bacteria can carry resistances to antibiotics and, therefore, aquatic systems can be a vehicle to spread antibiotic resistance (Ash et The general assessment of river water quality can help to drive environmental improvements by dealing with the main sources of chemical pollutants as well as contaminant microorganisms (Kittinger et al. ) . In this study we assessed the microbial quality of a Portuguese river, generally known as being a polluted river, by quantifying the presence of faecal contaminants during a 3-month period and by determining their antimicrobial resistance profile.
MATERIALS AND METHODS

River features and sample collection
Ave River, in the north of Portugal, was taken as a water sample source for this study since the current knowledge about its microbial quality is scarce. This river has an 85-km course, its headwaters are in the Mountain Cabreira (Portugal) and it flows into the Atlantic Ocean. It crosses a highly populated region and several cities, with many industries and livestock farms in its surroundings. Samples were collected in the part of the river that crosses a city, Santo Tirso, near a WWTP (Figure 1) Each sample was collected in a 1.5-l plastic bottle, transported to the laboratory in an ice box and maintained at 4 W C until required.
Isolation and enumeration of E. coli and
Enterococcus spp.
Water samples with volumes of 1, 10 and 100 ml were filtered through 0.45 μm-pore-size membrane filters (Millipore Corporation, USA), which were then placed on Tryptone Bile X- to 100 ml were directly filtered through 0.45-μm pore size membrane filters and then placed on TBX agar (for E. coli) supplemented with cefotaxime (2 μg/ml), ampicillin (8 μg/ml) and ciprofloxacin (4 μg/ml) (Sigma-Aldrich, St Louis, MO, USA), and on SB agar (for enterococci) supplemented with vancomycin (6 μg/ml), ampicillin (8 μg/ml) and ciprofloxacin (4 μg/ml).
The plates were incubated at 37 W C for 24-48 h. For further antimicrobial susceptibility testing, a maximum of five colonies of E. coli and enterococci were picked up from each antibioticsupplemented and non-supplemented medium.
Antimicrobial susceptibility testing
The Enterococcus species identification and vancomycin resistance genotype
Enterococcus spp. isolates presenting resistance to vancomycin, tetracycline or rifampicin or to four or more antimicrobial drugs were used for species identification.
The genomic DNA of Enterococcus spp. was extracted by enzymatic treatment with lysostaphin (1 mg/ml; SigmaAldrich Chemie, Saint-Quentin Fallavier, France) for 2 h and followed by treatment with lysozyme (50 mg/ml; AppliChem GmbH, Darmstadt, Germany) and proteinase K (20 mg/ml; Bioron, Ludwigshafen, Germany) for another 2 h. A multiplex PCR was then performed for Enterococcus species identification. Amplification of the genes related to the species-specific identification of E. fecalis, E. faecium, E. flavescens, E. durans, E. casseliflavus, E. gallinarum, E.
avium, E. cecorum, and E. hirae among other species was performed as described by Jackson et al. () . Subsequently, isolates that showed vancomycin resistance (n ¼ 6) in the antimicrobial susceptibility testing assay were used for the evaluation of glycopeptides resistance genotype described for enterococci (vanA, vanB, vanC-1, vanC-2 and vanC-3) , In total, 144 E. coli and 144 enterococci (72 isolates from each sample point) were recovered and used to carry out the study. Twenty-four out of the 144 were collected from the non-supplemented media (TBX and SB for E. coli and enterococci isolates, respectively) and the remaining from the antibiotic-supplemented media. Table 2 . Also for E. coli, the number of multidrug-resistant isolates to 10 or more antibiotics was rather common.
Additionally, it was observed that 29 isolates with different antimicrobial resistance patterns were ESBL-producing E.
coli, 14 were isolated from sample point A and 15 from point B. It must be highlighted that an E. coli resistant to imipenem was also isolated. As this type of resistance phenotype is very unusual, especially in isolates from the environment, an API 20E was performed to ascertain that it was indeed an E. coli strain, which was confirmed. Enterococcus spp. were mostly resistant to rifampicin, tetracycline, azithromycin and erythromycin. Six isolates Enterococcus spp. are shown in Table 3 .
In a few cases, isolates recovered from antibiotic-supplemented media did not present resistance to the same antibiotic in the antimicrobial susceptibility testing assay.
Diversity of E. coli phylogenetic groups and
Enterococcus species
Phylogenetic analysis of E. coli showed that the isolates with patterns of antimicrobial resistance to six or more drugs belonged mostly to groups A and B1, but also to group D. No isolate was found to belong to group B2 (Table 2 ).
E. coli from each group were equally distributed at the two points of sample collection.
Regarding the Enterococcus species identification, it was found that the drug-resistant enterococci were mainly E. faecalis and E. faecium (Table 3) . Among 34 antibiotic-resistant isolates, only one was E. casseliflavus. All isolates resistant to vancomycin were identified as being E. faecalis and E. faecium.
DISCUSSION
High levels of E. coli and enterococci (around 10 4 CFU/ 100 ml) were present in the river water at some time 45 (90) 7 (14) 1 (2) 18 (36) 7 (14) 1 (2) 33 (66) 14 (28) 8 (16) 7 (14) 4 (8) 27 (54) 0 (0) 21 (42) 28 (56) 9 (18) 4 (8) 22 (44) 8 ( of the WWTP. Moreover, we may say that the disinfection process used at the WWTP before effluent disposal was effective, not allowing the release of significant amounts of bacteria to the stream. Nevertheless, the disinfection step, However, that seems not to have happened since the percentage of antimicrobial resistance of E. coli isolates from point B was, in general, lower than from point A (Table 1) .
Several isolates recovered from selective media (supplemented with antibiotics) proved not to be resistant to the same selective antibiotic in the antimicrobial susceptibility testing assay. This is probably because the bioburden placed in the selective medium was very heterogeneous and included bacteria that were able to produce enzymes that could degrade the antibiotic present in the medium, thus enabling the growth of susceptible strains. Nonetheless, the presumed antibiotic resistance given from CFU counts in the antibiotic-selective media appeared to be a good indicator of general resistance levels, for both E. coli and Enterococcus spp., as similarly reported by others (Alexan-
Approximately three-quarters of total E. coli isolates and more than half of Enterococcus spp. isolates showed resistance to multiple antimicrobial drugs simultaneously, which is a worrying number, revealing that this river can be a vehicle for the spread of antibiotic-resistant bacteria.
The large heterogeneity in the antimicrobial resistance phenotypes was recorded throughout time, with little recurrence of the same resistance pattern, which emphasizes the instability and the environmental pressures that the river endures.
Among multidrug-resistant E. coli isolates, the major part showed resistance to ampicillin (85%), which reflects the con- The 34 drug-resistant enterococci isolates evaluated for species identification belong to three different species: E. faecium (n ¼ 18), E. faecalis (n ¼ 15) and E. casseliflavus 
CONCLUSIONS
In conclusion, the main remarks of this study are the pres- 
